Background--Stroke is the third leading cause of death among US Hispanic and non-Hispanic black women aged 65 and older. One factor that may protect against stroke is breastfeeding. Few studies have assessed the association between breastfeeding and stroke and whether this association differs by race and ethnicity.
I
n the United States, cerebrovascular disease, affects 5% to 14% of women aged 60 years or older. 1 Stroke is the fourth leading cause of death for women aged 65 and older. 2, 3 Stroke is also the third leading cause of death among US Hispanic and non-Hispanic black women aged 65 and older. 2, 4 Stroke costs the nation $34 billion annually including the cost of healthcare services, medications, and lost productivity. 1 Approximately 55 000 more US women than men suffer from a stroke annually. 1, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Compared with elderly men, elderly female stroke survivors are also at increased risk for moderate to severe disability, poorer quality of life, and institutionalization. 16, 17 The risk of stroke is distributed disproportionately by race and ethnicity. Stroke is higher among Hispanics and nonHispanic blacks compared with non-Hispanic whites. 1, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] 18 Hispanic and non-Hispanic black women are at higher risk of stroke, partially due to increased rates of hypertension, obesity, diabetes mellitus, and physical inactivity, 1, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] which are a few stroke risk factors. Research is needed to address this health disparity and to reduce disproportionate morbidity from stroke among racially and ethnically diverse populations.
Breastfeeding is 1 factor that may protect women against stroke. Research findings point to the protective effect of breastfeeding on maternal health including a reduced risk of breast cancer and ovarian cancer and improved cardiovascular health. [29] [30] [31] Women who report more than 9 cumulative months of breastfeeding over their reproductive lifetime are less likely to develop hypertension, hyperlipidemia, and metabolic syndrome. [32] [33] [34] [35] [36] [37] Further, evidence suggests that a longer duration of breastfeeding is associated with a lower risk of developing type 2 diabetes mellitus, [38] [39] [40] [41] [42] [43] and reduced maternal postpartum weight. [44] [45] [46] [47] Currently, the American Academy of Pediatrics recommends exclusive breastfeeding for 6 months, 48 with continuation of breastfeeding for 1 year or longer, which is also recommended by the World Health Organization. 49 Compared with the Healthy People 2020 target for exclusive breastfeeding at 6 months, 50 exclusivity rates for US women are particularly low, especially for Hispanic and non-Hispanic black women ( Figure) . 51 Also, whereas 83% of US women initiate breastfeeding soon after giving birth, only 55% of these women report any breastfeeding at 6 months postpartum, and 34% report any breastfeeding at 12 months postpartum. 51 More importantly, breastfeeding rates vary by race/ethnicity and are lowest among non-Hispanic black women with 64% initiating breastfeeding, followed by 35% breastfeeding at 6 months and 17% at 12 months postpartum; duration rates for Hispanic women are slightly higher at 51% at 6 months and 26% at 12 months postpartum but well below those of non-Hispanic white women (56% and 31%, respectively). [52] [53] [54] Whereas studies to date have largely focused on the protective effect of breastfeeding on cardiovascular risk factors, [32] [33] [34] [35] [36] [37] 55, 56 few studies have assessed whether breastfeeding protects against risk of stroke and whether this association differs by race/ethnicity. Because Hispanic and non-Hispanic black women experience low breastfeeding rates and are at higher risk for stroke compared with non-Hispanic white women, there is a need to examine this relationship so that future intervention programming may focus on specific populations that carry the largest health burden of stroke. The current study fills this gap in the literature and contributes to the body of knowledge about reproductive factors and stroke risk, using the Women's Health Initiative Observational Study with follow-up through 2010. The aim of this study was to examine stroke risk in relation to breastfeeding history at any time between first childbirth and end of follow-up among postmenopausal women, overall and by race/ethnicity. We hypothesized that lifetime duration of any breastfeeding would be associated with lower risk of stroke among postmenopausal women.
Materials and Methods

Study Population and Procedure
The Women's Health Initiative (WHI), a longitudinal national health study consisting of a set of randomized clinical trials and an observational study, focused on strategies to prevent chronic disease in postmenopausal women. 57 61, 63 For the present study, we used data from the WHI Observational Study with follow-up through 2010. The WHI included community-dwelling postmenopausal women ranging in age from 50 to 79 years at baseline who completed a self-administered questionnaire that included
Clinical Perspective
What Is New?
• Data from the Women's Health Initiative showed that ever breastfeeding was associated with a lower risk of stroke among postmenopausal women after adjustment for multiple stroke risk factors and lifestyle variables; this association was strongest for non-Hispanic black women.
• Longer duration of breastfeeding was associated with a lower risk of stroke in all women studied and among nonHispanic white and non-Hispanic black women.
• Increasing public awareness of the potential impact of breastfeeding on maternal health outcomes later in life may assist in the support for, initiation, and continuation of breastfeeding for those at greatest risk.
What Are the Clinical Implications?
• The primary outcome of interest was the occurrence of stroke at any time between the first childbirth and the end of followup for women enrolled in the WHI Observational Study. Stroke during follow-up was assessed with annual self-report questionnaires and centrally adjudicated via medical records by vascular neurologists. 63 Among women without a history of stroke, stroke was defined as the first postbaseline occurrence of ischemic or hemorrhagic stroke through the first WHI extension period (2010). Women who self-reported stroke before study entry were included to fully capture the events during the period at risk (from the time of childbearing to the time of stroke or end of follow-up). However, for those women with stroke before WHI enrollment, stroke was not centrally adjudicated.
All women in the WHI Observational Study who reported having at least 1 live birth and who were not missing information on ever breastfeeding were included. Ever breastfeeding was assessed at enrollment among women who reported at least 1 live birth. Women who responded "No" to "Did you breastfeed or nurse any children for at least 1 month?" were considered to have never breastfed. For women with a history of ever breastfeeding, they were asked to reply to "Thinking about all the children you breastfed, how many months total did you breastfeed? (Your best guess.)" Responses were recorded as a categorical variable indicating a cumulative lifetime duration of breastfeeding 33 : 1 to 6 months, 7 to 12 months, and 13 months or more. Due to the lack of data on exclusive breastfeeding rates in the Women's Health Initiative data set, we examined breastfeeding history based on the any breastfeeding definition (any breastfeeding is defined as breast milk exclusively or breast milk along with other sources of nutrition). We described "breastfeeding history" as including ever breastfeeding and lifetime duration of breastfeeding (ie, the total number of months of breastfeeding across all children a woman has ever had). We examined adjustment for nonmodifiable and modifiable participant characteristics from the baseline visit (see Statistical Analysis below). Cardiovascular events and risk factors for stroke at baseline were also described and considered in modeling. These included stroke history, transient ischemic attack, myocardial infarction, heart failure, atrial fibrillation, angina, diabetes mellitus, hypertension treatment, hypercholesterolemia treatment, and family history of diabetes mellitus, stroke, and myocardial infarction.
Statistical Analysis
Descriptive analyses compared baseline characteristics by breastfeeding history. Comparisons between categorical characteristics were made by chi-squared tests of association and for continuous characteristics through a 2-sample test, assuming unequal variances. We examined the association between breastfeeding history and risk of stroke; those with a history of stroke at WHI entry were included, and their stroke event time was considered left censored at the time of entry to WHI. For participants without a history of stroke, the time until stroke was observed until the end of the first extension period (2010). Adjusted hazard ratios were estimated through the Cox regression model framework accounting for left and right censoring that allowed a flexible spline fit to the baseline hazard. 65 Models used age as the time scale and accounted for left censoring of participants who reported stroke before WHI enrollment and right censoring for those who did not have a stroke event. These models further allowed adjustment for baseline demographic characteristics and confounders.
We modeled exposure to breastfeeding as ever breastfeeding and as lifetime duration of breastfeeding to investigate the relationship between exposure dose and stroke risk. Adjusted models (ie, models 1 and 2) first focused on a subset of nonmodifiable characteristics at the baseline visit including age, regional center, extension study inclusion, race/ethnicity, educational attainment, parity, age at menarche, and family history. Then, a subsequent model (model 3) included characteristics from models 1 and 2 plus modifiable characteristics/behaviors at the baseline visit (ie, exercise as measured by metabolic equivalent task-hours per week, Healthy Eating Index 2005, 66 smoking history, body mass index [BMI, calculated from height and weight measured at baseline], multivitamin use). Finally, the effect of ever breastfeeding and lifetime duration of breastfeeding on stroke risk was estimated by racial and ethnic groups through fully stratified Cox models, using the previously described framework. Separate models were fit for each racial/ethnic group, allowing the baseline hazards to be unique to each subgroup. As a measure of potential unmeasured confounding, we also report the e-value for the primary models. 67 All reported P-values and confidence intervals (CIs) were 2-sided and reported at the nominal level. Analyses were conducted in STATA (version 13, StataCorp, College Station, TX) and SAS version 9.4, SAS/STAT 13.2 (SAS Institute, Inc, Cary, NC). All analyses used WHI follow-up data sets that were disseminated in November 2016.
Results
Of the 93 676 women in the WHI Observational Study, 80 951 women reported at least 1 previous live birth, 80 191 of whom reported information on their breastfeeding history. Of these 80 191 women, a total of 1244 had a history of stroke at study entry, and 2699 had incident stroke during a median follow-up of 12.6 years. At screening, participants' average age was 63.7 years (95% CI 63.6-63.7 years). Except for age and race/ethnicity, the demographic and health history characteristics of 760 women who did not report on breastfeeding were not substantially different from those who did report on breastfeeding. Those who did not report on breastfeeding were a few years older (median [minimum, maximum] age at entry 67 [50, 79] years) as compared with those who did report breastfeeding history (64 [49, 81] years) and were more often identified as non-Hispanic black (14% versus 8%, respectively).
Of the 2699 women with incident stroke during follow-up, 86.2% were non-Hispanic white, 7.5% were non-Hispanic black, 1.9% were Hispanic, and 4.4% self-identified as another race/ethnicity. Of the 1244 women with a history of stroke at WHI baseline, 71.8% were non-Hispanic white, 17% were nonHispanic black, 5.2% were Hispanic, and 6% self-identified as another race/ethnicity. Women with a history of stroke at baseline tended to be younger at study entry, had higher BMIs, and had a history of smoking as compared with women with incident stroke during follow-up (mean [SD] Approximately three-fifths (58%) of parous women in the sample reported ever breastfeeding (Table 1) . Among these women, 51% breastfed for 1 to 6 months, 22% for 7 to 12 months, and 27% for 13 or more months. Duration of breastfeeding was missing for 281 (0.4%) women; these women were not included in the breastfeeding duration analysis, but they were included in the analysis for ever breastfeeding. Compared with women who ever breastfed, women who never breastfed were more likely to be younger at baseline (63.3 Women who reported ever breastfeeding (for at least 1 month or more) had a lower risk of stroke in adjusted regression models (Table 2 ). There was little change in the hazard ratio from model 1 (minimally adjusted), model 2 (adjusted for nonmodifiable potential confounders), and model 3 (further adjusted for modifiable lifestyle factors). We further examined adjustment for medical therapies that may have occurred following breastfeeding exposure (ie, hormone therapy use at baseline, aspirin use at baseline, hypertension treatment at baseline, and hypercholesterolemia treatment at baseline); these additions did not change model estimates substantially. Our summary of Continued inferential results focuses on estimates from model 3, which adjusts for characteristics associated with both breastfeeding and stroke that are not considered in the causal pathway.
Compared with parous women who never breastfed, women who reported ever breastfeeding (1 month or longer) had a 23% lower risk of stroke (adjusted for nonmodifiable risk factors, adjusted hazard ratio=0.77; 95% CI 0.70-0.84). For this hazard ratio to be explained away by any additional unmeasured confounder, the unmeasured confounder would require a moderately strong relationship, a risk ratio of 1.7 or more, with both breastfeeding and stroke (the e-value).
Compared with parous women who never breastfed, breastfeeding for 1 to 6 months was associated with 19% lower risk of stroke (adjusted hazard ratio=0.81; 95% CI 0.74-0.90). This association was stronger with longer breastfeeding duration (test for trend P<0.01).
The association between ever breastfeeding and all categories of breastfeeding duration was statistically significant for non-Hispanic white and non-Hispanic black women ( Table 3 ). The association between ever breastfeeding and risk of stroke was strongest for non-Hispanic black women (adjusted hazard ratio=0.52; 95% CI 0.37-0.71). When minimally adjusted, the association of a reduced risk of stroke increased with breastfeeding duration in non-Hispanic white and non-Hispanic black women (test for trend P<0.01); this relationship changed little when further adjusted.
Discussion
This study sample was drawn from a large racially and ethnically diverse cohort of women who participated in the WHI, a longitudinal national health study that focused on strategies to prevent chronic disease in postmenopausal women. Participating women received long-term follow-up (median 12.6 years) for incident stroke. Study findings suggest that women who reported ever breastfeeding appeared to have a lower risk of stroke than parous women who never breastfed; this association seemed particularly strong for non-Hispanic black women. Additionally, lifetime duration of any breastfeeding was associated with lower risk of stroke among postmenopausal women, especially among non-Hispanic black women.
Many studies have reported that longer duration of breastfeeding may reduce long-term risk of cardiovascular markers including hypertension, hyperlipidemia, and metabolic syndrome. [32] [33] [34] [35] [36] [37] 47 Few studies have measured cardiovascular markers longitudinally from time of breastfeeding to menopause, and those that have are observational studies that are limited to self-reported disease outcomes. In their review of the literature, Binns and colleagues state that current evidence suggests the beneficial effects of breastfeeding on chronic disease among mothers who breastfeed and infants who are breastfed. 44 Without knowing the exact biological pathways of breastfeeding's protective effect, we do know that breastfeeding has few contraindications and that breastfeeding women tend to live healthier lives, so it should continue to be promoted for mothers and their infants. Meanwhile, as the links among breastfeeding, maternal biological changes, and future disease risk have not yet been firmly established, we do need longitudinal biochemical measurements to corroborate epidemiologic evidence that lactation positively influences chronic disease etiology. One other possible explanation is that the observed association of breastfeeding with lower risk of stroke may be due to unmeasured confounding or systematic error in assessing measured risk factors. Women who never breastfed generally had less-healthy lifestyles evidenced by higher rates of smoking, higher BMI, less exercise, and less healthy food consumption, and these factors contribute to a higher risk of stroke. However, adjusting for these covariates had little effect on the association between breastfeeding and risk of stroke, which remained statistically significant. Moreover, the estimated effect of an unmeasured confounder with stroke and breastfeeding would need a risk ratio of 1.7 or greater to impact the comparison of primary interest as measured by the e-value.
Health Disparities in Stroke and Breastfeeding
Although this study's findings could not establish a causal relationship between breastfeeding and risk of stroke, health disparitiessurroundingstroke 1,5-18 andbreastfeedingrates [52] [53] [54] persist. Stroke is 1 of the leading causes of death among Hispanic and non-Hispanic black women over 65. 2, 4 These same groups of women also experience low breastfeeding rates. [52] [53] [54] According to a recent report by the Robert Wood Johnson Foundation, health disparities are rooted in inequities among available resources associated with healthier outcomes including living and working conditions, education, income, residence, geographic location, social support, and medical care. 68 In other words these social determinants of health are components of an individual's life that can impact their health and thus could be a cause of health inequities. Documentation of these social determinants and resulting health inequities can help to identify the obstacles that need to be overcome and to place greater emphasis on groups previously marginalized. 68 For example, sufficient scientific evidence exists that, compared with non-Hispanic white women, Hispanic and non-Hispanic black women more often develop stroke risk factors including hypertension, obesity, and diabetes mellitus and frequently report physical inactivity. 1, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] Additionally, evidence exists that compared with non-Hispanic whites, breastfeeding that is less than the recommended duration of 6 months is associated with a greater burden of disease among Hispanic and non-Hispanic black women and their children. 69, 70 There are many other documented reasons for the unequal distribution of stroke and nonadherence to the recommended length of breastfeeding including the fact that Hispanic and non-Hispanic black women tend to work in jobs that are less supportive of breastfeeding, earn less, attain less education, have less social support, and have limited access to healthcare services. 53, [71] [72] [73] In summary, these social determinants of health hinder breastfeeding and the ability to make healthy choices to help minimize stroke risk factors such as the ones mentioned above. This study provides data to inform interventions that aim to reduce stroke risk factors by promoting healthy lifestyle behaviors including appropriate and supportive breastfeeding interventions, thereby reducing the overall health burden of stroke among parous women. These study data suggest that non-Hispanic black women may especially benefit from longer breastfeeding duration as 1 of many factors to help guard against stroke.
Study Limitations and Future Direction
This study is limited by the total number of strokes that occurred in the sample despite WHI's large sample size and extended duration of follow-up as well as WHI's exclusion of enrolling postmenopausal women who had experienced severe or fatal strokes. 58 Approximately one-third of the strokes were self-reported at WHI baseline and were not adjudicated by medical record review, limiting classification by stroke subtype (eg, ischemic versus hemorrhagic). The inclusion of self-reported strokes also provides potential for recall bias if women who had strokes later were less likely to report breastfeeding. Additionally, in a small number of women, stroke may have preceded childbearing and prevented those women from breastfeeding. Further, source data lacked information on pregnancy-related complications (ie, gestational diabetes mellitus, pregnancy-induced hypertension, pre-eclampsia), gestational weight gain, physiological conditions that prevented women from breastfeeding, exclusive breastfeeding behavior, and whether women breastfed for less than 1 month. Also, the average age at baseline was 63.7 years, thereby indicating that women were subject to recall bias and inability to remember the total number of months they breastfed. However, previous research has shown that recalled breastfeeding practices including total duration of breastfeeding are quite accurate, including recalls up to 20 years later. 74, 75 Further, a small number of events limited the ability to fully adjust the model for Hispanic women and women who self-identified as another race/ethnicity. Additionally, women who were overweight or obese before pregnancy, gained excessive weight during pregnancy, or experienced pregnancy-related complications may have had trouble breastfeeding [76] [77] [78] [79] [80] [81] and may have an increased risk of stroke later in life, and thus, breastfeeding for longer durations could be a marker for better health in general rather than specifically a risk factor for stroke. Last, it is important to note that this article examined the relationship between stroke risk and breastfeeding and did not address whether racial/ethnic differences in breastfeeding contribute to disparities in stroke risk. Future research should consider the degree to which breastfeeding attenuates racial/ethnic differences in stroke risk.
Conclusion
Breastfeeding in this study was associated with a lower risk of stroke among postmenopausal women, particularly nonHispanic black women. This association remained statistically significant even after adjustment for other stroke risk factors potentially modified by or associated with lactation. Study findings could partially be explained by the fact that breastfeeding women tend to live healthier lives than nonbreastfeeding women, indicating that breastfeeding is more of a risk marker than risk factor. One may still conclude that breastfeeding along with other risk factors or risk markers during women's early reproductive years may be associated with stroke risk later in life, and their identification may help healthcare providers to assess a woman's risk profile. Further, by understanding these risk factors and risk markers, the medical and behavioral science communities may be better able to design, implement, and administer culturally informed programs that may mitigate stroke risk while promoting healthy lifestyle behaviors including breastfeeding among populations that carry the largest health burden of stroke. The effectiveness of these types of interventions should be investigated in future studies. Increasing public awareness of the potential impact of breastfeeding on maternal health outcomes later in life may assist in the initiation and continuation of breastfeeding for those at greatest risk.
